Abstract. It was studied the ways of obtaining the aluminide intermetallic coatings of Al-Ag, Al-Ti, Al-Cr, Al-V and Al-Mn systems by method of simultaneous magnetron sputtering of the reagents. It was produced the synthesis of coatings from stable phases AlAg 2 +Ag 3 Al, AlCr 2 , Al 8 Cr 5 , AlCr 2 + Al 8 Cr 5 , AlTi, AlTi 3 , Al 8 Mn 5 . The coatings with thickness of 2 µm were carried out on the aluminum and the carbon fiber plates. The study of the coatings was carried out on X-ray diffractometer, the microhardness and electrical conductivity were measured. It was shown that after sputtering of the reagents on the substrate the amorphous, glassy phase is formed except for intermetallic phases Al 8 V 5 and Al 3 V which were formed during sputtering. It is necessary the heat treatment in a vacuum at 400˚C during 1 hour for the synthesis of the intermetallic compound from the amorphous phase. The amorphous phase had a microhardness in the range of 2237-8219 MPa, intermetallic -1929-8181 MPa. For comparison, the microhardness of high quality steel is about 5500 MPa. The coatings were electroconductive. The coatings are of interest as protective for soft metals, carbon fiber reinforced plastic (CFRP), and plastic materials.
Introduction
The coating is a thin layer deposited on a substrate (component surface) from a different material. The coating determines the surface properties of the substrate: significantly increases the hardness, wear resistance, corrosion resistance, changes the optical properties, and others [1] [2] [3] . On purpose the coatings can be divided into three main groups [4] : protective-they increase the wear resistance of the surface under friction or the corrosion resistance in aggressive environment; functional-they regulate the heating mode of the space vehicles from solar radiation (thermal control coatings); and decorative.
The intermetallic coatings are poorly known among the known coatings. Intermetallic compounds differ in high hardness, chemical stability, electrical conductivity [5] , which can be interesting for a number of applications. In the previous works of the authors [6, 7] it was obtained the intermetallic coatings by the method of layer-by-layer magnetron sputtering on a substrate of reagent of Al-Cu and Cu-Zn systems, according to the scheme shown in Fig. 1a . The obtained phases Al 2 Cu and Сu 5 Zn 8 were electrically conductive, they showed a high microhardness, 6000 MPa and 2600 MPa respectively (for comparison, the microhardness of pure aluminium was 236 MPa, copper -818 MPa). The coating of phase Al 2 Cu gave the absorption coefficient of the solar radiation As=0.3 and radiation coefficient (degree of blackness) ε = 0.49, which allowed designating it as the "white" coating according to the optical properties. The coating of phase Сu 5 Zn 8 with coefficients As=0.79, ε =0.38 were "black". Both coatings can be classified as thermal control coatings used for thermal control of space vehicles [8] , as well as to the protective class.
In continuing of exploratory research of new intermetallic coatings, the attention was given to the group of aluminides of Al-Ag, Al-Ti, Al-Cr, Al-V and Al-Mn systems, since aluminum forms the stable intermetallic compounds with silver [9] , titanium [10] , chromium [11] , vanadium [12] and manganese [13] . In these experiments according to the scheme in Fig. 1b a method of simultaneous sputtering of reagents was used. The studies have shown that a necessary and sufficient condition for the formation of stable intermetallic compounds in sputtered "fresh" coating is the thermal treatment (TT) in vacuum at 400˚ C during 1 hour. In case of simultaneous sputtering, the diffusion process is eliminated, since the atoms of the coating components coexist within a single unit cell and the formation of the intermetallic compound occurs by diffusionless way due to the restructuring of the crystal lattice by the type of martensite-austenite. 
The Sputtering Modes of Coating Experimental Samples
In the preparation of coating sampled represented by solid solutions of metals in aluminum it was used the ionic and plasma machine with two independent magnetron sputtering systems. The machine consists of a vacuum chamber on the walls of which there are the planar magnetrons of DC. When these sputtering targets are cathodes behind which there are the water-cooled magnetic systems. Inside the vacuum chamber the cylinder is mounted with possibility of rotation around the axis for mounting the substrates and moving them relative to the magnetrons.
The sample preparation consisted of sequential operations of simultaneous sputtering of targets made of aluminum and the second metal included in the intermetallic compound in the low pressure plasma, and deposition of sputtered materials to the moving non-heated substrates in the form of island films-layers with nanometer thickness relative to the flows of plasma. The ratio of the concentrations of metals in the samples was varied by the rate of target sputtering of planar magnetron spray devices. In the process of sputtering of targets it was maintained the constant power on each of the spray devices. The ratio of deposited components was controlled by the weight method-by the number of sputtered metal from each of the magnetrons during the formation of the coating. Since the magnetrons are relatively the sputtered sample in identical positions, it can be judged about the composition of the coating by knowing the ratio (in moles) amount of the sputtered metal from each of the magnetrons. If, for example, both of the magnetrons sputtered equal number of metals during sputtering, the coating composition will be 50 at.% of one and 50 at.% of other metals. Denote by V 1 the velocity of aluminum sputtering, by V 2 -the speed of the second reagent sputtering. To obtain the necessary target phase settings of magnetrons on sputtering speeds V 1 /V 2 in accordance with the mass ratio of elements in the formula of the intermetallic compound should be made. Table 1 shows the necessary stable intermetallic phases for the synthesis, as well as the configurations of the magnetrons on the sputtering speeds of the reagents. The coatings with thickness of 2 µm were sputtered on the aluminum and the carbon fiber substrates. 
The Study of the Characteristics of the Experimental Coatings
The coatings were studied by D8 Bruker Advance X-ray diffractometer, the microhardness -by PMT-3 device and the scanning TISNUM nanoindentor. The measurement of characteristics was carried out before and after TT (in vacuum at 400˚С during 1 hour).
The results of characteristics measuring of coatings are shown in Table 2 and in Fig. 2 . Table 2 shows that the coatings have an amorphous glassy state after sputtering. For the synthesis of intermetallic phases the maintenance works were needed. The only exception is V-Al system intermetallic compounds of which are formed on the substrate directly during the sputtering. The changes in the coating structure after maintenance works revealed that the amorphous state of alloys of two metals is not chemically stable. The amorphous state of the alloys of coating showed greater hardness than the intermetallic, especially it was evident in the samples No. Usually amorphous metallic glass is obtained by quenching from the liquid state, or by ionic and plasma sputtering with immediate cooling at least 10 6 K/s. In work [14] the amorphous alloys were obtained by ionic and plasma sputtering on a cold (cryo) substrate with a cooling rate up to 10 10 K/s. However, in this work, according to the results of X-ray the amorphous glass was obtained, as shown above, by sputtering on a substrate at room temperature in vacuum. It is known that for the formation of amorphous glass it is necessary the deep vacuum and cryogenic temperatures. Despite the fact that the amorphous phase is inherently metastable state, but the system with high activation energy can exist at room temperature for a long time (10 4 -10 5 years) [15] . On the properties the amorphous glass can compete with crystalline solids at hardness and corrosion resistance (which can be seen from Table 2 and Fig. 2) , due to the absence of grain structure and dislocations, but the study of the amorphous state is the subject of separate studies [16] . Figure 2 shows a comparison of microhardness of experimental coatings with similar characteristics of steels (Steels 45 and 40X), and much higher than values that are specific to titanium. The obtained coatings can be used also as protective coatings that can be applied not only in space industry but also in other sectors of general and heavy engineering where it is necessary to work in aggressive environments at high loads.
As can be seen from Fig. 2 and Table 2 the undoubted technological achievement of studies conducted is the discovered possibility to obtain coatings from intermetallic compounds of Cr-Al and Ti-Al in the amorphous state. The technology of ionic and plasma simultaneous sputtering of coatings with nanoscale thickness allows to obtain the homogeneous mixtures of different atoms, as shown in Fig. 1b . With equal diameters of the mixed atoms the solid solutions of one substance in another are obtained [17] . With very different diameters of atoms there are alloys of these elements in the amorphous state [18] [19] [20] . Therefore, to increase the protective properties of the functional coatings, it would be advisable to try obtaining them in an amorphous state. In addition, amorphized metal systems possess exceptionally high corrosion resistance. The main reason for the high corrosion resistance of amorphous metallic systems is that they have no crystal lattice and also they have no typical "defects" of crystals-dislocations and, most importantly, the boundaries between grains [21] . The amorphous coatings can be used as protection for materials intended for operation at room (or cryogenic) temperature in an acid environment. And intermetallic coatings can be widely applied in various industries of general and heavy engineering, especially for protection against wear, corrosion of soft materials such as aluminum alloys, carbon fibers, etc. For example, in some cases, the aluminum alloys are oxidized to protect against corrosion, and the resulting coatings have high oxidation resistance; but carbon fiber quickly degrade from exposure to UV and atomic oxygen in space environment, and they can be protected with obtained coatings. In addition, the titanium alloys, used in turbine and compressor blades of engines for protection against wear at high temperatures, are covered with intermetallic films. 
Summary
In the process of working with Al-Ag, Al-Ti, Al-Cr, Al-V and Al-Mn systems it were obtained the amorphous glassy coatings by simultaneous sputtering with the exception of intermetallic phases Al 8 V 5 and Al 3 V which were formed during sputtering without the use of maintenance. If it is necessary for the formation of intermetallic phases from the amorphous state the thermal treatment was carried out at 400˚ C during 1 hour.
Almost all of the obtained amorphous and intermetallic coatings showed high hardness. For example, the hardness indicators of the amorphous phases of systems Cr-Al-1 -7149 MPa, Cr-Al-2 -7666 MPa, Ti-Al-1 -8219 MPa and intermetallic phases AlCr 2 -8181 MPa, Al 8 V 5 -4742 MPa, AlTi -4730 MPa and Al 8 Cr 5 -4688 MPa, comparable with the hardness of high strength steels (5500 MPa), and exceeds several times the similar properties of titanium (1800 MPa). Therefore, both intermetallic and amorphous films can be applied as protective coatings in various temperature ranges and corrosive environments. It should also be noted that the simultaneous sputtering has several advantages compared to the layer-by-layer one. So, it is possible to obtain a coating of any thickness with the same mode of maintenance with this method.
